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Topical tretinoin treatment of photoaged hairless 
mice has been shown in previous studies to stimulate 
formation of a subepidermal zone of new connective 
tissue characterized by enhanced collagen synthesis. 
The aims of this study were to localize and/or quan-
tify elastin, fibronectin, and glycosaminoglycans in 
the same model. Hairless mice (Skh-1) were irradi-
ated thrice weekly for 10 weeks with gradually in-
creasing doses of ultraviolet (up to 4.5 minimal ery-
thema doses per exposure) from Westinghouse FS-40 
bulbs. Mice were then treated five times a week with 
either 0.05% tretinoin, the ethanol:propylene glycol 
vehicle, or nothing for another 10 weeks. Controls 
included mice sacrificed after 10 weeks of ultraviolet 
treatment and age-matched untreated animals. The 
D uring the development of the h airless mouse model for human photoaging, it was discovered that within a 10 - 15-week period after ultraviolet radi-ation (UVR) , the damaged dermal m atrix under-went partial and spontaneous restoration [1,2]. 
Histologic and ultrastructural studies demonstrated that topical 
treatment with tretinoin (all-trans-retinoic acid) in the post-UVR 
period accelerated tlus process by enhancing the production of a 
subepidermal repair zon e of collagen [3,4] . A similar repair zone 
was reported by Bryce et at [5] using either tretinoin or isotre tinoill 
in a different strain (I-IRS/J) of photoaged mice. 
More recently, using immunofluorescence microscopy and im-
munochemical and biochemical tecluliques, we reported that treti-
noin enhanced col\agen synthesis in the photoaged hairless mouse. 
The newly synthesized collagen was localized in the histochemi-
cally defined repair zone [6]. Using a UVR schedule similar to that 
of Kligman et at [3], other workers reported increased collagen 
synthesis after 6 weeks of treatment with tretinoin [7]. In addition, 
a two- to fo urfold increase in steady-state mRNA leve ls for types I 
and III collagen was induced in the photoaged mouse by tretinoin 
[6,8] and isotretinoin treatments [8]. 
UVR-induced changes in the noncol\agenous dermal matrix 
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distribution of elastin and fibronectin was examined 
by immunofluorescence microscopy, which revealed 
fine fibrils in the subepidermal zone in tretinoin-
treated skin. A quantitative slot-blot immunobinding 
assay showed that tretinoin induced a threefold 
higher amount of tropoelastin compared with con-
trols. Insoluble elastin content (desmosine levels) was 
similar in all groups. Although fibronectin content 
was increased by ultraviolet radiation, tretinoin 
treatment induced the largest increase. In contrast, 
the amount of glycosaminoglycans, although in-
creased by UVB radiation, was reduced by tretinoin 
treatment. Key words: UV radiatioulglycosami,wglyca.usl 
elastinldesmosiue. ] Invest Dermatol 104:518-522, 1995 
have been documented extensive ly. Increased amounts of elastic 
fibers, fibronectin, and glycosaminoglycans have been reported in 
the photoaged hairless mouse and in human skin by histochemical 
[1,9-13] , immullochemical [14,15] , and biochemical means 
[14,16,17] . However, there is little information concerning the 
e ffect of tretinoin on the noncoLlagenous dermal matrix in photo-
aged skin. One study of the hairless mouse reported that tretinoin 
treatment did not affect glycosaminoglycan synthesis [18]. A second 
study fail ed to find an e ffe ct of tretinoin on the UVR.-:induced 
desmosine content [5] . R ecent studies on human photoaged skin 
have focused mainly on the clinical e ffe cts of tretinoin [19, 20] or on 
collagen deposition [21 ,22] . The only reports of tretinoin-indu ced 
changes in noncoLlagenous prote ins i.nvol ved the epidermis or cell 
culture results. Lunden et (// [23] reported that 6 months of tretinoin 
treatment did not alter hyaluronic acid content in the epidermis or 
in blister fluid . Increased amounts of fibron ectin were reported by 
Var31u el al [24 - 26] in fibroblast cultures, whereas in keratinocyte 
cultures, fibron ectin synthesis was decreased after tretinoin treat-
ment. 
The aim of t1us study was to determine the effects of topical 
tretinoin on the elastin , fibronectill, and g lycos3minoglyc;1ll con-
tents of the photoaged hairless mo use dermis. 
MATERIALS AND M ETH ODS 
Animals and Irradiation Schedules O ne hundred Skh-hairless-1 (al-
bin o) female mice, ages 6-8 weeks (C harles River Laboratories, Wilming-
to n, MA) were housed individually with free access to food and water. 
Room Lighting (12-h on-off cycle) was with Gencral Electric F40 GO gold 
Allorcscent bulbs, which emit no UVR. Four gl OUpS of20 mice each wcre 
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exposed to UVB radiation , whereas the fifth group served as age-matched, 
unirradiated controls. 
The VVR source was a bank of eight W es tinghouse FS-40 "sunlamps" 
(280-400 nm ; peak irradiance at 313 run) . Lamps were positioned 16 cm 
above the mice for the thrice-weekl y exposures, w hich continued fo r 10 
weeks . Each UV R. dose, reached gradua lly over the first 4 w eeks by 
in crements of 0.5 minimal erythema doses (MED), was 4 .5 MED (0 .07 
] / cm 2 VVB). Irradiance was measured with an IL 700 R.esearch R.adiometer 
(International Light, Inc ., N ewburyport, MA) using a UVB sensor with 
peak sensitivity at 290 nm. 
p o st_Irradiation Treatments At the end of the 10-w eek irradiation 
period, one irradiated group was sacrificed to provide tissue for the 
VVR-only baseline values. The remaining three groups were treated as 
fo llows: 1) no furth er treatment, 2) 0.05% tretinoin in an ethanol:propylene 
glycol vehicle (70:30 v/v) containing 0.05% butylated hydro,,:ytoluene, and 
3) v ehicle. Dorsa l applica tions (100 ILl each) were m ade five times a week 
for 10 weeks. 
B iopsies and Histologic Stains The mice were sacrificed by cervical 
dislocation, and dorsal trunk skin was excised and frozen at - 70°C until 
used. An adjacent strip of skin was prepared for light m icroscopy and stained 
with Luna's aldehyde fuchsin [27] to monitor depth of the repair zone. 
Mowry's colloidal iron stain was used to assess glycosaminoglycan content. 
Immunoflu orescence M icroscopy Frozen sections (8 /km) w ere 
treated with cold acetone for 5 min and rinsed with phospbate-buffered 
saline. The specimens were then incubated for 30 min at 37°C with ither 
rabbit anti-bovine elastin or rabbit anti-mouse fibronectin antibodies, 
washed with phosphate-buffered saline, and treated for 30 min at 37°C with 
goat anti-rabbit IgG conjugated with fluorescein isothiocyanate (Organon 
T eknika-Cappel, W es t C hester, PA) . Controls used IgG prepared from the 
sera of nonimmunized rabbits . 
Tropoelastin and Insoluble Elastin Analyses Equal w et weights of 
skin were homogenized and defatted with but3nol:diisopropyl ether (40:60 
v/v) . Previous experiments have determined that tropoelastin is not ex-
tracted by this procedure . Extraction was overnight at room temperature, 
with stirring, in 0.05 M Tris HCI (PH 7.5), 1 % sodium dodecylsulfate, and 
0.33 M mercaptoethanol containing proteolytic inhi bitors. T his was fo l-
lowed by centrifugation at 10,000 rpm for 30 min . The supernatants were 
electrophoretica lly concentrated fivefo ld at 2.5 mA/sample for 90 min 
(Little Blue Tank, Isco, Lincoln, NE) and analyzed for tropoelastin by a 
quantitative inllnunobinding assay [28] . Dilutions of extracts and standards 
were immobi lized on a nitrocellulose sheet. T he sheet was then blocked 
with bovine serum albumin , washed, and incubated with antibodies directed 
against bovine alpha e lastin. T he sheets were again washed and treated with 
1251_labeled protein A. After a tl~ird washing, the nitrocellulose was dried 
and exposed to fi lm w ith intensifying screens. T he fi lms were scanned using 
a Beckman DU8 Spectrophotometer (550 nm) . 
T he insoluble residues were washed extensively, lyophilized , and hydro-
lyzed in 6 N HCl for 72 h at 107°C to re lease the desmosines. H ydrolysates 
were 'Ipplied to J1lini-cell ulose columns and til e desmosines were eluted, 
dried, and analyzed by high perforJ1lance liquid chromatography [29] . 
Fib ronectin Analysis Fibronectin was quantifi ed as described previously 
[30]. Five skins from each group were individually trimmed to equal surface 
area, homogel~i zed , defatted , and extracted for 48 h w ith 5 m1l100 m g dry 
weight of 0.05 M Tris HCI (PH 7.5) , 1.0% sodium dodecylsulfate, 0.33 M 
mercaptoethanol, and proteolytic inhibitors (1 /kg/ml aprotinill, 2 mM 
phenylmethylsulfony l fluoride, '\ mM N-ethyl maleimide). The latte r are 
serine protease inhibitors, and sodium dodecylsulfate is an effective general 
protease inhibitor. Many of the plasma enzymes are serine proteascs, 
including elastase. T he suspension was centrifuged at 10,000 rpm for 30 
min. Supernatan ts were electrophoretically concentrated fivefo ld at 2.5 
mA/sample for 90 min (lsco Inc. ) . 
Fibronectin content was ana lyzed by a specific enzyme-linked immu-
nosorbent assay using rabbit anti-mouse fibron ectin and purified mouse 
fibron cctin (Chcmicon , Temecula, C A), as fo llows. Mouse fibronectin (400 
ng) was added to wells in a flat-bottom microtite r p late and allowed to 
incubate overnight at room temperature. To w ells in a row1d-bottom 
micro titer plate , 11 0 ILl of rabb it anti-mouse fibronectin antigcn (diluted 
1:15,000) and 110 /kl of dilutions ofeitller standard mouse fibronectin (1.25 
/kg/ Ill 1 diluted to 1 ng/ ml) or samples were mixed for 1 h at room 
temperature, incubated for 1 h at 37°C , and then kept overnight at 0-4 °C. 
Excess antigen was removed from thc fla t wells, w hich were then washed, 
and 0.35 1111 of 1 'Yo bovine serum albull1in was added. After 1 h , the bovine 
serum albumin was removed, the wells were washed, and 200 /kl from the 
round wells was 'Idded . T he plate was incubated at 37°C for 45 min and 
washed, and anti- rabbit IgG-liJlked alka l.ine phosphatase (1 :1000 dilution) 
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was added to the wells. After incubation at 37°C for 1 h and washing, the 
wells were rinsed rapidly with substratc buffer (10% diethanolamine, pH 
9.8), and 0 .2 ml of a solution of substrate p-nitrophenyl phosphate (1 
m g/ ml) in substrate buffer was added. T he reaction was allowed to proceed 
at 37°C for 15-30 min and was terminated by the add ition of 0.1 ml ofl N 
NaO H . Products wcre quantified by reading of the plate at 405 nm. 
Appropriate controls lacking antigen , antibody, enzY'ne, or substrate were 
ru n simultaneously. 
Glycosaminoglycan Analysis Glycosaminoglycans were quantified as 
described previously [30]. Weighed skins were minced, defatted in acetone: 
ether (1:1), dried, and suspended in 10 ml of 0.1 M phosphate buffer (PH 
6.5) with 0.005 M ethylenediamine tctraacetic acid and 0.005 M cysteine 
HCI. Digestion was with papain (50 ml containing 24 IU/ ml; Sigma 
C hemical Co., St. Louis, MO) for 24 h at 65°C. T he digest was diluted to 
40 ml with water and centrifuged for 2 h at 12,000 rpm (0-4°C). A 1% 
suspension of cetylpyridinium chloride was added dropwise to the super-
natant [31]. After storage overnight at 4°C, the suspension was centri fuged 
at 12,000 rpm for 1 h at 0-4°C. T he precipitate was dissolved ill 300 /kl of 
n-propano l and 75 ILl of 1 % cetylpyridinium chloride. T he glycosaminogly-
cans were further precipitated with 5 ml of absolute etll a.no l and a few drops 
of sodium acetate. T he precipitatc was washed with etllan ol and diethyl 
e ther, a.ir dried , redissolved in 1 ml of water, transferred to preweighed 
tubes, and dried, after which the glycosaminoglycan weight was calculated. 
Glycosaminoglycans were redissolved in 1 ml of water, and the uronic acid 
content was determined by the carbazole assay [32]. 
RESULTS 
Histochemical Findings Confirm Tretinoin Enhancement 
of Dermal Matrix Deposition Luna's stain revealed the sub-
epidennal zone of new collagen in all specimens at 10 weeks after 
UVR, as reported in previous studies [3 ,4] . In tretinoin-treated 
skin, the zone was considerably deeper, m ore extensive across the 
specim ens , and be tter de lineated , with compressed elastosis at the 
lower border (data not shown) . Mowry's stain showed increased 
g lycosal11inoglycans in all specimens. Histologically, the increases 
induced b y UVR alon e appeared to regress too slowly in th e 
post-UVR period to m ake histologic quantification of the effect of 
tretinoin difficult (data not shown) . 
Imn:lullofluorescencc and IInnlunobinding Studies Locate 
and Qua.ntify Tretinoin-Enhallced Tropoelastin Accumula-
tion 
1111111 II II ojillorescel/ce: Sections from normal, 10-weeks UV-in-adi-
ated, post-UVR untrea ted , and vehicle-treated skins showed sim-
ilar patchy f1uorescences throughout the dermis (Fig in). After 10 
Figure 1. Detection of tropoelastin in the subepidermal dermis by 
inlnlullofluorescencc with antibodies directed against bovin e c l as-
tin. a) VVR for 10 weeks. Fluorescence is evident in diffuse thick and thin 
fibers throughout tllC dermis. AIT{)",/,eans. dermoepidermal junction . Bar, 10 
/km. b) UVR. for 10 weeks followed by trctinoin for 10 weeks. An intensely 
stained band of e lastosis delineates the lower border of the band of unsta ined 
new collagen (aIHI"'s). Within ti,e dark band are thin fluorescent sO'ands of 
elastin . Aml/II/wans , dennoepiderlllal junction. Bar, 10 ILm. 
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weeks ofUVR treatment with tretinoin, fluorescent strands of new 
elastic tissue were present in the mainly unstained subepidermal 
dermis (Fig lb), which corresponds to the morphologically defined 
repair zone [3,4] . A concentration of patchy fluorescence was 
present at the lower border of the zone, corresponding to the 
compressed elastosis seen histologically. Fluorescence was not 
visible in controls treated with normal rabbit serum. 
1ll1nllmobi"dillg Assny: The autoradiogram of the slot- blot immu-
nobindi.ng assay using antibodies against bovine alpha elastin and 
12sI-labeled protein A clearly showed an increase in tropoelastin in 
tretinoin- treated skin (Fig 2). Densitometric scanning of the auto-
radiogram films showed that the increase was approximately three-
fold higher than in any of the other treatment groups (Table I). 
High Fe,fonllallce Liquid Chromafogmpil.y Jor Insoillble Elastin: Deter-
mination of desmosine content illdicated no sign ificant increase in 
insoluble elastin in any of the groups (Table I). The values ranged 
from 10.1 to 11.9 ng desmosine/mg wet weight. 
Tretinoin-Enhanced Fibronectin Content is Demonstrated 
by Immunofluorescence and Enzyme-Linked Immunosor-
bent Assay 
1m """lOjhlOrescellce: Fluorescent staining was more abundant but 
otherwise similar to that seen for elastin in normal, 10-week 
UV-irradiated, post-UVR untreated, and vehicle-treated skins (Fig 
3a). After 10 weeks of UVR treatment with 0.05% tretinoin, the 
subepidermal repair zone was filled with intensely stained flJ1e 
fibrillary fibronectin (Fig 3b) . Fluorescence was not visible in 
controls treated with normal rabbit serum. 
Qllallfificatio/1 by E llz yme-Lillked ],"""I,,osorbeu.t Assay: W hether 
caJculated by area, wet weight, or dry weight, UVR significantly 
in creased fibronectin l·evels compared with normal controls (Table 
II). T hese levels decreased during the lO-week post-UVR period 
with vehicle or no topical treatment, but remained significantly 
higher than in normal controls. The greatest increase was induced 
by tretinoin (more than twofold). 
Tretinoin Diminishes the UVR-Induced Increase in Glyco-
saminoglycans Quantification by the carbazole method showed 
A I 
B 
C I I I 
D I I 
E I I I 
Figure 2. Increased content oftropoelastin in extracts of treti no in-
treated, photodamaged skin by immunobinding assay. Autoradio-
gram shows sequential dilutions of extracts. A, UVR and tretinoin-trcatcd; 
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Table I. Effect of UVR and Tretinoin on Elastin 
Accumulation" 
111111111Jlobinding Assay Desmosine 
(ng/elastin/mg wet (ng/mgwet 
Treatment Group weight)" weight)" 
Untreated 150 ± 16 11.4 ± 1.2 
UVR 10 weeks 175 ± 39 10.9±3.8 
UVR 10 weeks; untreated 
10 weeks 198 ± 29 10.1 ± 2.3 
UVR. 10 weeks; vehicle 
10 weeks 184 ± 29 10.4 ± 0.6 
UVR 10 weeks; tretinoin 
10 weeks 479 ± 62' 11.9 ± 1.1 
( I Hairless mice were irradiated with UVll for 10 weeks and then treated with either 
0.05% tretinoin . the vehicle. or nothing. Skins were homogenjzed. def:.'tted. extracted. 
and analyzed for ttopoclastin by a quantitative irnmunobinding assay [28J. Insoluble 
residues were hydrolyzed in 6 N I-I C I. and desmosines were eluted o n milli-ceLlulose 
columns. dried, and analyzed by high performance liquid chromatography [29). 
II Mean :±: SEM; n = 5. 
f P = 0.0025 versus untreated controls, Student t tcst. 
that glycosaminoglycan levels were significantly increased after 10 
weeks of UVR. The levels nonnalized in the post-UVR period 
with vehicle or no topical treatment. However, tretinoin treatment 
resulted in a significant lowering of glycosaminoglycan levels when 
compared with normal or 10-week UVR controls (Table III). 
Quantification of g lycosaminoglycans by total weight using 
cetylpyridinium chloride precipitation revealed no significant dif-
ferences between any of the treatment groups. On the basis of skin 
area, values ranged from 482 to 628 /Lg/cm2, with an average SEM 
of ± 40 . Calculation s based on wet or dry weight showed an even 
more narrow range (data !Jot shown). 
DISCUSSION 
Previous histo logic [3-5], immunochemical, and biochemical stud-
ies [6,7] have shown that topical tretinoin treatment of photoaged 
hairless mouse skin stimulates the deposition of a subepidermal 
repair zone of newly synthesized collagen. This study expands the 
ill "i"o findings, demonstrating a tretilloin-induced threefold in-
crease in soluble e lastin and a greater than twofold increase in 
fibronectin. ]n agreement with Bryce ef al [5], we failed to find a 
Figure 3. Detection of fibronectin ill the subepidermal dermis by 
immunofluorescence with antibodies directed against mouse 6-
bronectill. a) UVR for 10 weeks. Fluorescence highlights a diffuse network 
offibronectin throughout the dermis. AI1'owheads, demlOepidermaljunction. 
Bar, 10 p.m. b) UVR for 10 weeks followed by tretinoin for 10 weeks. Dense 
parallel fluorescent strands of fibronectin fill the subepiderma.l (5E) band of 
new connective tissue. Note that fibronectin in the lower dermis retains the 
network appea.rance. Arrowheads, dermoepidermaI junction. Bar, 10 /-Lm . 
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Table II. Effect of UVR and Tretinoin on Fibronectin Content" 
Treatment Group ng/cm 2 ng/ mg Wet Wcight ng/mg Dry Weight 
I. Untreated 64.4 ± 2.3 0.80 ± 0.06 3.64 ± 0.28 
II. UVR 1 0 weeks 119.5 ± 19 .6 1 .39 ± 0.22 7.32 ± 1.1 
III. UVR 10 wceks; untreated 10 weeks 73.9 ± 3.3 1.20 ± 0.03 4.99 ± 0.21 
IV. UVR 10 weeks; vehiclc 10 weeks 88 .5 ± 4.5 1.39 ± 0.08 6.72 ± 0.52 
V . UVR 10 w ecks; tre tinoin 10 wceks 160.9 ± 23.9 2.08 ± 0.24 10.38 ± 1.1 6 
Com parisons/' 
1 versus lJ p < 0.025 P < 0.025 P < 0.01 
r versus III p < 0.05 P < 0.0125 P < 0.005 
) versus )V p < 0.0025 P < 0.0005 P < 0.0025 
I versus V p < 0.005 P < 0.0025 P < 0.0005 
Jl versus III p < 0 .05 NS P < 0.05 
\J versus IV NS NS NS 
11 versus V NS P < 0.05 P < 0.025 
JI) versus IV p < 0.025 P < 0.05 P < 0.01 
111 versus V P < 0.005 P < 0.0025 P < 0.0125 
)V versus V P < 0.01 P < 0.025 P < 0.0025 
( I Hairless mice were irradia ted with UVll for 10 weeks ;m d then treated with e ither 0.05% trclinoi n . the vchicle . or nothing fo r to weeks. Skins \vere extracted and the am ounts 
of fibroll cctin were dctcnnincd by a speci fi c enzyme-linked il11ll1UIlOSorbcllt :lssay. as described in AlJntcri(J (s ami /\fl etllOds. D:ltjl arc m ean :t SEM. 
I, Statistical analysis: Student t test (11 = 5). NS. Ilo t signifi can t . 
Table III. Effect of UVR and Tretinoin on Glycosaillinoglycan Content" 
Glycosaminoglycans (n = 5) 
Treatmcnt Group Carbazole Method (p.g/cm 2 ) p.g/ mg Wet Weight p.g/ mg Dry Wcight 
J. Untrcated 
11. UVR 10 weeks 
111. UVR 10 weeks; untreated 10 weeks 
IV . UVR 10 weeks; vehicle 10 weeks 
V. UVIl 10 weeks; trctinoin 10 wceks 
. /, Compansons 
) versus 11 
I versus III 
I versus IV 
I versus V 
11 versus III 
II versus IV 
II versus V 
II) versus IV 
III versus V 
)V versus V 
21.77 ± 0.72 
29.6 ± 2.9 
2 1.68 ± 1.63 
21.88 ± 3.39 
14.76 ± 2.52 
p < 0.025 
N S 
NS 
P < 0.025 
P < 0.025 
NS 
P < 0.005 
NS 
P < 0.025 
NS 
0.286 ± 0.018 
0.329 ± 0.024 
0.314 = 0.009 
0.303 ± 0.039 




P < 0.05 
NS 
NS 
P < 0.0 1 
NS 
P < 0.01 
P < 0.05 
1.54 ± 0.10 
1.87 ± 0.13 
1.73 ± 0.043 
1.71 ± 0.233 
1.09 ± 0.207 
p < 0.05 
NS 
NS 
P < 0.05 
NS 
N S 
P < 0.01 
NS 
P < 0.01 
P < 0.05 
,I Hairless mice were irrad iated with UVI3 for 10 weeks ~lI1 d thell treated with either 0.05% trcti ll o in , the vehicle. or nothing: for to weeks. SkillS were min ced . d Cf.1ttcd. and 
d igested with p:,p;ljn. G lycosaminoglycOlns were precipitated with 1% cetylpyridiniulli chlo ride. T he uro nic Olcid conte lll' w as d etermined by th e carbazole assay 132] . Dam arc mean 
:!: SEM. 
1/ Statistical 'H1al ys is: Student t tes t. NS. Hot sig nific:lIl t . 
tretinoiJl-induced cbange i.n insolubl e e la stin as m easure d by des-
mosine content in the lO-week post-UVR period. In contrast to 
our findings , Bryce el nl [5] reported that insolubl e elastin was 
increased as a result of the UVR exposures. T he most like ly reason 
for this divergence lies in the di fferent protocols. T he 5- 6 months 
of UVR used by Bryce et nl to produce photoagillg in th e HRS /J 
mice , compared with our 10-week sch eduJ e, allowed more time for 
tropoelastin to accumu late and become cwsslinked into matUl'c 
fibers. 
The small bu t significant increase in glycosaminoglycaJ1s after 10 
weeks of UVR was expected on the basis of histochemical evalu-
ation . However, the considerable decrease "vith tretinoin treatment 
was not anticipated . This fmding supports the premise of C hen et nl 
[18] that glycosaminoglycans may not be responsible for th e 
wrinkle effacement reported in these mice with tretinoin [5] . T hese 
auth ors found no increase in sul fated glycosaminoglycal1 or byal-
uronic acid synthesis in explants of UV - irradiated, tretinoin-treated 
hairless mouse skin as compared with irradiated, vehicle-treated 
contwls. Unfortunately, the effect of 10 w eeks of irradiation alone 
cou ld not be assessed beca use C hen et nl [1. 8] did not include these 
or 110rmal controls in their study. 
Other studies with hairl ess mice exanuned eith er UVR alone or 
tretinoin alone . In agreem ent with our findings on the effect of 
UVR alone, M a.rgelin et nl [33] found increased glycosaminoglyca.n 
synthesis in explants ITom UV-inadiated hairless mice. However, 
the increase was seen only in the proteoglycans h eparin and heparan 
sul fute. Synthesis of dermatal1 su lfute and hya luronic acid was not 
affected . An ill lI i llO study [34] that examined lifetime application of 
tretinoin to unirradiated h airless mice demonstrated histochemi-
cally a large increase in derm al and epidermal glycosaminoglycans. 
Taken together with our current findings, the eviden ce suggests 
that UVR. may increase some classes of glycosaminoglyca.ns, 
whereas tretinoi.tl acts to decrease UVR-induced levels. However, 
in unil'radiated skin, tretinoin may increase tlus dermal matrix 
componen t [34]. 
T he difficulty of obtaining sufficient human biopsy material h as 
limited extensive bioch emical studies of tretinoin effects on non-
coUagenous dermal m atrix. T he few ill IJil ro studies h ave examined 
the effects ofUVR or tretinoin, but not the combination of the two. 
For exaUlple, Schwartz and C rui cksh ank,!, irradiated normal human 
'1' Schwartz, C ruickshank: Elastin, fibronectin and collagen synthesis in 
UV irradja ted dermal fibrob la sts (abstr). J Il1 /1csl Dcnlln lol 96:586, 1991. 
522 S HWARTZ AND K LI GMAN 
dermal fibrobla sts il'l vitro in the absence of tretinoin and found 
increased synthesis of both fibronectin and tropoelastin, a finding 
confirmed in the present ill vivo study. As a second example, an in 
vivo study examined the effect of treti no in on sun-protected buttock 
skin. Fisher e/. ti l [35] reported a tretil10in-induced increase in the 
transform ing growth fuctor-J3-induced "mucin" or glycosamil1-
oglycans and proteoglycans. Thus, there is sparse biochemical 
information on human studies with which to compare the effect of 
tretinoin on noncollagenous dermal matrix in the photoaged 
hairless mouse . 
It has been establish ed that many of the UVR-induced changes in 
the hairless mouse correlate well with those occurring in human 
photoaged skin [36]. As trials of tretinoin-treated human skin 
approach and exceed 2 years, it is becoming apparent that the 
hairless mouse model is also a predictive one for the repair of 
human photoaging. Recent reports have demonstrated a tretinoin-
induced subepidermal repair zone of new collagen [19,37], along 
with reduction in the abundant glycosaminoglycans present in 
photoaged skin [37]. The ultrastructural reappearan ce of type VII 
coll agen anchoring fibrils has been reported after 2 years of 
treatment [21]. Most recently, Griffiths e/ al [22] demonstrated 
increased intracellular and extracellular type I coll agen synthesis in 
the papillary de rmi s after 12 months of tretinoin treatment. In 
accordance with its short life span, m etabolic processes occur more 
rapidly in mice than in hum ans. It is therefore likely that with time, 
much of what h as been disco vered in tretinoin-treated photoaged 
mouse skin will be confirmed in human skin. 
Tltis reseal. 1t was SIIppol1ed ill pat1 by a gralll frO Ill lite R ./4/. J " /IIISO II Pltarlllacel/-
lical R esearch IlIslill/le, Raritall, Nelli J ersey. 
14/e Ilt allk MarilY IIJ. Crasb) •• Sally Adall' s, alld K erlllil 14/lttll1oll fo r II, e enre alld 
'reallllel'lt of the allilllais; Dorotlty Call1pbell fo r lec/Illieni ltislocltelllisl'l' expe,1ise; 
alld Brellda Lace). for typillg ,lte lIIallllscripl. 
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